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Alcohol residuesAspergillus spp. infection of grape may lead to ochratoxin A (OTA) contamination in processed beverages such as
wine and grape juice. The aim of the current study was to evaluate the biocontrol potential of two
non-fermenting (Cyberlindnera jadinii 273 and Candida friedrichii 778) and two low-fermenting (Candida
intermedia 235 and Lachancea thermotolerans 751) yeast strains against the pathogenic fungus and
OTA-producer Aspergillus carbonarius, and their ability to remove OTA from grape juice. Two strains, 235 and
751, showed a signiﬁcant ability to inhibit A. carbonarius both on grape berries and in in vitro experiments.
Neither theirﬁltrate nor their autoclavedﬁltrate culture brothwas able to prevent consistently pathogen growth.
Volatile organic compounds (VOCs) produced by all four selected yeasts were likely able to consistently prevent
pathogen sporulation in vitro. VOCs produced by the non-fermenting strain 778 also signiﬁcantly reduced
A. carbonarius vegetative growth. Three yeast strains (235, 751, and 778) efﬁciently adsorbed artiﬁcially spiked
OTA from grape juice, while autoclaving treatment improved OTA adsorption capacity by all the four tested
strains. Biological control of A. carbonarius and OTA-decontamination using yeast is proposed as an approach
to meet the Islamic dietary laws concerning the absence of alcohol in halal beverages.
© 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/3.0/).1. Introduction
Table grape (Vitis vinifera L.) is one of the most economically impor-
tant marketed fruit commodities (Jiang et al., 2014). Each year 30–40%
of table grapes are lost due to the lack of efﬁcient methods to prevent
pre- and post-harvest diseases (Abeer et al., 2013; Prusky, 2011). Several
fungi,mainly belonging to the generaAspergillus,Alternaria, Cladosporium,
Rhizopus, and Penicillium, are opportunistic pathogens, able to invade ripe
berries after injury (Nally et al., 2013; Rooney-Latham et al., 2008),
however various yeasts and bacteria are also associated with so-called
sour rot.
Black Aspergilli are widespread in vineyards and may not only cause
rot on berries but are also the main source of ochratoxin A (OTA)
contamination. OTA is usually recovered on food of vegetable origin
and its presence in raw ingredients may lead to severe contamination
in processed beverages such as wine and grape juice (Battilani et al.,l Sciences, Plant Pathology and
a Enrico De Nicola 9, I-07100
. This is an open access article under2003; Mulè et al., 2006; Zimmerli and Dick, 1996). Among black
Aspergilli, Aspergillus carbonarius (Bainier) Thom is considered the
most dangerous one, having the highest potential for OTA production
in grape (Battilani et al., 2003, 2004a; Cabañes et al., 2002).
OTA has nephrotoxic, teratogenic, hepatotoxic, and carcinogenic
effects in mammals (Rodriguez et al., 2011). Therefore, as a preventive
measure, the European Union set the maximum permitted levels of
OTA in wine and grape juice at 2 μg·kg−1 (Commission regulation No.
123/2005 amending Regulation No. 446/2001).
Biological control of plant pathogens with antagonistic microorgan-
isms is an efﬁcient alternative to synthetic fungicides in reducing
postharvest diseases and product loss (Janisiewicz and Korsten, 2002;
Meng et al., 2010; Tian, 2006). Yeasts are considered among the most
efﬁcient antagonists in biocontrol strategies (Droby et al., 2009).
Because of their role in winemaking processes, they may also represent
an important tool in the biological removal of OTA from natural juice
(Bejaoui et al., 2004; De Felice et al., 2008; Delage et al., 2003; Petruzzi
et al., 2013; Rodriguez et al., 2011). However, the potential rapid
increase in ethanol concentration in must and juice due to the fermen-
tation process by yeast represents a signiﬁcant problem for their use as
biocontrol agents, reducing their efﬁcacy as antagonists and their abilitythe CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
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at least in non-alcoholic grape juices, by using non- or low-fermenting
yeast strains.
Islamic laws (Quran V: 90–91) forbid Muslim populations from
drinking alcoholic beverages and consuming food prepared with alco-
hol, even in a small amount (Regenstein et al., 2003). Nonetheless, alco-
hol is common in many biological systems: e.g. fresh fruits and/or their
essences and juices can contain traces of alcohol (Riaz and Chaudry,
2003). Whenever alcohol is naturally present in food, it does not inval-
idate its permissible (halal) status. Even if a global standard limit for
halal certiﬁed food is not allowable, ingredients containing an average
of 0.5% or even 0.75% residual alcohol are generally considered as ac-
ceptable (Anis Najiha et al., 2010), although these limits may vary ac-
cording to countries and religious groups.
The objective of this study was to evaluate the biocontrol potential
of four selected yeast strains (two non-fermenting and two
low-fermenting) against A. carbonarius, and their ability to remove
OTA from grape juice. This biological treatment is proposed to meet
the target of the Islamic dietary laws concerning the absence of residual
alcohol in halal beverages.
2. Materials and methods
2.1. Strain identiﬁcation
Four yeast strains from the DISAABA (Dipartimento di Agraria,
Università di Sassari, Italy) collection were selected based on their
ability to efﬁciently prevent green rot caused by Penicillium expansum
Link on apple fruit (Fiori et al., unpublished results). Strains were
identiﬁed by sequencing the ITS1 and ITS2 regions of ribosomal DNA
as belonging to: 253, Candida intermedia (Cif. & Ashford) Langeron &
Guerra; 273, Cyberlindnera jadinii (Sartory, R. Sartory, Weill & J. Mey.)
Minter; 751, Lachancea thermotolerans (Filippov) Kurtzman, and 778,
Candida friedrichii Uden & Windisch.
2.2. Evaluation of the fermenting activity
To check the capacity of the four yeast strains to produce and release
alcohol in commercial grape juice, amicro-fermentation experimentwas
carried out. The four yeasts plus a Saccharomyces cerevisiaeMeyen ex E.C.
Hansen commercial strain (Lalvin EC-1118; Lallemand, Montreal Que-
bec, Canada) chosen as a positive control, were grown overnight at
25 °C in 20 mL YPD broth (1% yeast extract, 2% bacteriological peptone,
2% dextrose; Sigma-Aldrich, St. Louis, MO, USA). Cells were recovered
by centrifugation, washed, resuspended in Ringer solution (0.9% NaCl)
and counted with a Thoma hemocytometer. Fermentation was
performed in sterile ﬂasks containing 50 mL of commercial grape juice
inoculated with yeasts (ﬁnal concentration of 5 × 106 cells/mL).
Uninoculated grape juice served as a negative control and each sample
was replicated twice. All the ﬂasks were corked withMüller valves ﬁlled
with 4 mL of sulfuric acid to avoid liquid evaporation from juices. From
day 0 to day 15 the weight loss in each ﬂask, due to the release of carbon
dioxide by fermentation, was recorded.
2.3. In vitro biocontrol experiments
Yeast cells were grown overnight and counted as described
previously. Part of the overnight culture broth was ﬁltered through
0.22 μmMillex® ﬁlters (Millipore, Cork, Ireland) while an aliquot was
both ﬁltered and autoclaved (20 min at 121 °C). Petri plates (diameter
of 90 mm) containing YPD agar (2%) or YESA (2% yeast extract, 15%
sucrose, 2% agar; Sigma-Aldrich) media were inoculated with each
yeast strain as follows: (i) topped with soft agar (0.7%) enriched with
1 mL of yeast suspension (106 CFU/mL), (ii) spread with 300 μL
of ﬁltered culture broth, and (iii) spread with 300 μL of ﬁltered and
sterilized culture broth.A spore suspension (105 spores/mL) of A. carbonarius Bainier Thom.
MPVA566 (courtesy of Professor P. Battilani, Università Cattolica del
Sacro Cuore, Piacenza, Italy), grown on a PDA (potato dextrose agar;
Sigma-Aldrich) medium at 25 °C for 1 week, was prepared in distilled
sterile water containing 0.1% Tween 20 (Sigma) to prevent spore
clumping. Three aliquots (each of 10 μL) of the suspension were
separately spotted in each plate. Experimentwas performed in triplicate
and the plates were sealed with Paraﬁlm®, stored at 25 °C, and the
average diameter of fungal colonies was measured after 4 days of
growth and compared with controls grown in the absence of living
yeast, ﬁltered, or ﬁltered and autoclaved culture broth.
2.4. In vitro evaluation of volatile organic compounds (VOCs)
To ascertain whether VOCs produced by the antagonistic yeast
strains may have a role in A. carbonarius inhibition, yeast and pathogen
cell suspensions were prepared as described previously, by using two
distinct A. carbonarius strains MPVA566 and AN6 (isolated from grape,
courtesy of Professor G. Romanazzi and Dr. E. Feliziani, Università
Politecnica delle Marche, Ancona, Italy).
YPD agar (2%) plates were inoculated by evenly streaking 100 μL of
yeast cell suspension (108 CFU/mL) using a sterile spreader and
incubated for 24 h at 25 °C. The plate lid was then replaced by a Petri
dish containing PDA point-inoculated with 20 μL of pathogen spore
suspension (107 conidia/mL), sealed with Paraﬁlm® and examined
after 5 days of incubation at 25 °C by evaluating the radial growth and
the morphology of A. carbonarius colonies. Three replicates for each
fungus–yeast combination were set and each experiment was repeated
twice.
2.5. Biocontrol experiments on detached grape berries
For each yeast strain, four grape (cv. Italia) bunches, each bearing ﬁve
mature berries, were prepared, disinfected with 1% sodium hypochlorite
for 10 min and rinsed twice with sterile distilled water. Berries were
wounded with a sterile needle (2 mm diameter, 1 wound/berry) and
whole bunches were dipped into a 50 mL suspension of each antagonist
(108 CFU/mL). Bunches were then air-dried and subsequently sprayed
until runoff (1 mL/bunch) with an A. carbonarius spore suspension
(107 conidia/mL) by using a hand sprayer. After inoculation, grape
buncheswere placed in plastic boxes (16× 26×10 cm) for 6 days and in-
cubated at 25 °C in the dark under high relative humidity (95±5%). After
6 days berries were checked and a 0–100 disease index was assigned to
themaccording to the percentage (0, 25, 50, 75 and100%) of berry surface
covered by mold.
2.6. VOC experiments on artiﬁcially inoculated grape berries
To check whether VOCs produced by the antagonistic yeast strains
may inhibit A. carbonarius growth on grape berries, bunches were
prepared, wounded and inoculated with the pathogen as previously
described. The grape bunches were then placed into plastic boxes
whose lids were internally supplied with three open YPD agar (2%)
plates inoculated by streaking 100 μL of yeast cell suspension
(108 CFU/mL) and previously incubated for 24 h at 25 °C. Plastic boxes
were sealed with Paraﬁlm® and cellophane and stored for 6 days at
25 °C under high relative humidity (95 ± 5%). A disease index was
then assigned to inoculated berries as previously reported.
2.7. Reduction of OTA from grape juice
To evaluate the ability of the four yeast strains to remove ochratoxin
A from grape juice, 24 mL of a commercial grape juice (Vitalift, Lidl
Stiftung & Co. KG, Neckarsulm, Germany) was poured into sterile ﬂasks
(100 mL volume) and spiked with 20 ng/mL of OTA, obtained by a
nitrile acetate standard (Sigma-Aldrich) which was preliminarily
Fig. 1. Fermentation activity of four yeast strains (253,Candida intermedia; 273,Cyberlindnera jadinii; 751, Lachancea thermotolerans, and778, Candida friedrichii) compared to the activity of
the strong fermenting Saccharomyces cerevisiae strain (EC-1118). Results are expressed as weight loss (g) during 15 day incubation in grape juice at 25 °C due to CO2 release in 100 mL.
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yeast cell suspension (108 CFU/mL) was added to the OTA-amended
grape juice and the ﬂasks were then incubated in the dark at 25 °C
under constant agitation (100 rpm) for 8 days. The same experiment
was also conducted by adding 1 mL of autoclaved yeast cell suspension
(1010 CFU/mL) to 19 mL of OTA-amended grape juice (20 ng/mL) to
check whether inactivated yeast cells could still remove OTA from
grape juice. Yeast cells were separated after 8 days by centrifuging at
40,000 rpm (29,000 ×g) for 20 min, and both yeast pellet and a 5 mL
sample of the grape juice were subject to OTA extraction and
puriﬁcation for subsequent HPLC analysis.2.8. OTA puriﬁcation and HPLC analysis
OTA was extracted from grape samples and puriﬁed according to
the protocol described in the MycoSep® Ochra Push-through kit
(Romer Labs®, Union, MO, USA). The puriﬁed extract was then
resuspended in the HPLC mobile phase.
OTA was extracted from yeast pellet by directly adding 4 mL of
methanol to the pellet and by mixing vigorously the suspension for
30 min. After centrifugation (29,000 ×g, 20 min), the supernatant
was separated and evaporated under nitrogen atmosphere, then
resuspended in the HPLC mobile phase to undergo HPLC analysis. The
whole procedure was repeated thrice in order to achieve quantitative
extraction from the pellet. OTA extraction was carried out in triplicate
and the experiments were repeated at least twice.
OTA determination was performed on an Agilent 1200 series HPLC
system (Agilent Technologies, Palo Alto, CA, USA) equipped withTable 1
Biocontrol activity of low- or non-fermenting yeast strains against Aspergillus carbonarius
MPVA566 on YPD and YES agar media amended with living yeast cells, culture ﬁltrate or
autoclaved culture ﬁltrate. Results are expressed as colony diameter (mm) ± standard
error after 4 days of incubation at 25 °C. Values in each column followed by one
(P ≤ 0.05) or two (P ≤ 0.01) asterisks are signiﬁcantly different from the control
(44.9 ± 0.1 mm on YPD; 47.9 ± 0.5 mm on YES) according to Dunnett's test.
Treatment Aspergillus carbonarius colony diameter (mm)
+Living yeast +Filtrate +Autoclaved ﬁltrate
YPD
C. intermedia 253 0** 45.9 ± 0.2 45.7 ± 0.3
C. jadinii 273 15.2 ± 0.2** 45.0 ± 0.3 45.2 ± 0.4
L. thermotolerans 751 0** 47.2 ± 0.3** 47.2 ± 0.4**
C. friedrichii 778 13.7 ± 0.6** 46.1 ± 0.5 * 47.0 ± 0.3**
YES
C. intermedia 253 0** 40.6 ± 0.2** 43.9 ± 0.3**
C. jadinii 273 0** 42.8 ± 0.3** 45.1 ± 0.3**
L. thermotolerans 751 0** 44.7 ± 0.3** 43.4 ± 0.3**
C. friedrichii 778 0** 47.8 ± 0.4 46.8 ± 0.3a quaternary pump with integrated vacuum degasser (G1311C),
autosampler (G1329B), column oven (G1316A) and ﬂuorescence
detector (G1321A). The separation, identiﬁcation and quantiﬁcation
steps of OTA were carried out according to the EN 14133:2009
method. Brieﬂy, the separation was performed on a Zorbax column
SB-C18, 4.6 × 150 mm, 5-Micron (Agilent, Santa Clara, CA, USA),
under isocratic conditions. The mobile phase was a mixture of acetoni-
trile, water and acetic acid (49.5:49.5:1 v/v/v, respectively). The ﬂow
was set to 1 mL/min and the column oven temperature was set to
25 °C. The excitation and the emission wavelengths were set to 333
and 460 nm, respectively. OTA was identiﬁed by comparing the reten-
tion time of the relevant peak on samples with the one from the stan-
dard (5.9 min). The quantiﬁcation of OTA was performed using a
linear external calibration in a range from 0.6 to 60 ng/mL, with a
mean correlation coefﬁcient of 0.99995.
2.9. Statistical analysis
Data from each experiment were subjected to arcsine square root
transformation prior to one-way analysis of variance followed by
multiple comparison by Dunnett's test, using Minitab® for Windows
release 12.1.
3. Results
3.1. Micro-fermentation assay
In micro-fermentation assays the four yeast strains displayed differ-
ent fermenting behaviors (expressed as CO2 loss (g) in 100 mL) com-
pared to the commercial S. cerevisiae strain EC-1118. The antagonistic
strains C. intermedia 253 and L. thermotolerans 751 revealed a very low
fermentation activity that was limited to the ﬁrst 5 days of incubation,
while strains C. jadinii 273 and C. friedrichii 778 had no fermentation ac-
tivity (Fig. 1).
3.2. In vitro biocontrol activity of living yeasts against A. carbonarius
On YPD agar only living cells were able to signiﬁcantly prevent path-
ogen development (Table 1). On YPD enriched with ﬁltered or ﬁltered
and subsequently sterilized culture broth, A. carbonarius was not
inhibited: in fact, when sterile culture broth from strains
L. thermotolerans 751 and C. friedrichii 778 was added to YPD agar,
A. carbonarius colony growth was signiﬁcantly higher compared to the
control plates (Table 1).
On YES agar medium, the presence of living yeast cells prevented
A. carbonarius growth, while the pathogen was only slightly – albeit
signiﬁcantly – inhibited by the ﬁltered/autoclaved culture broth from
Fig. 2. Colony growth andmorphology andmicroscopic detail (10×) of the colony border of Aspergillus carbonarius strainsMPVA566 (A and C) and AN6 (B and D) grown (0= control) in
an environment saturated by VOCs released by yeast strains 253 (1), 273 (2), 751 (3), and 778 (4).
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(Table 1).3.3. Effect of yeast VOCs on A. carbonarius in vitro
Only VOCs produced by C. friedrichii 778 reduced A. carbonarius
MPVA566 and A. carbonarius AN6 growth signiﬁcantly, resulting in
58.3% (P≤ 0.01) and 33.7% (P≤ 0.05) reduction of colony diameter, re-
spectively, compared to the controls. All the other yeast/pathogen
pairings did not differ from the control in terms of colony development.
Nonetheless, A. carbonarius colonies exposed to yeast VOCs did not
sporulate, and were characterized by white mycelium; the colony bor-
der was undeﬁned, with elongated and scattered hyphae compared to
unexposed control (Fig. 2). Single hyphal tips and mycelium fragments
were then transferred on fresh PDA and after 5 days of growth at 25 °C,
typical black sporulating colonieswere evident (not shown), suggesting
that the anti-sporulating effect is reversible.3.4. Effect of living yeast cells and yeast VOCs on grape rot caused by
A. carbonarius
Three out of four tested yeasts, namely C. intermedia 253,
L. thermotolerans 751 and C. friedrichii 778, reduced signiﬁcantly the
incidence of infection by A. carbonarius on detached grape berries
(Table 2). No signiﬁcant inhibition of grape infection was observed
upon exposure to VOCs produced by any of the tested yeast strains
(Table 2).3.5. OTA adsorption by antagonistic yeast in grape juice
When living yeast cells were incubated in OTA-amended grape juice
for 8 days, C. intermedia 253, L. thermotolerans 751, and C. friedrichii 778
were able to signiﬁcantly reduce OTA content in OTA-amended grape
juice by 73, 75, and 70%, respectively, while C. jadinii 273 had no signif-
icant adsorption effect (Table 3). Autoclaved cells derived from
Table 2
Biological control activity of living yeast cells and of volatile organic compounds (VOCs)
against Aspergillus carbonariusMPVA566 on detached grape berries. Results are expressed
as percentage (±standard error) of berry surface covered bymold. Values in each column
followed by one (P ≤ 0.05) or two (P ≤ 0.01) asterisks are signiﬁcantly different from in-
oculated control according to Dunnett's test.
Treatment Infected grape berry surface (%)
1st experiment 2nd experiment
Living yeast cells
Control 87.5 ± 4.8 75.0 ± 11.7
C. intermedia 253 32.5 ± 7.5** 17.5 ± 8.0**
C. jadinii 273 67.5 ± 4.8 42.5 ± 10.7
L. thermotolerans 751 20.0 ± 8.2** 27.5 ± 14.3*
C. friedrichii 778 37.5 ± 2.5** 27.5 ± 10.4*
VOCs
Control 87.5 ± 12.5 95.0 ± 5.0
C. intermedia 253 85.0 ± 9.6 80.0 ± 7.1
C. jadinii 273 80.0 ± 8.2 92.5 ± 7.5
L. thermotolerans 751 95.0 ± 5.0 85.0 ± 6.4
C. friedrichii 778 57.5 ± 16.5 95.0 ± 5.0
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751 reduced OTA concentration by 72, 74, 82, and 84%, respectively.
4. Discussion
The halal dietary laws indicate which foods are considered as
“lawful” (i.e., permissible) for Muslims. These rules are found in the
Quran and in the Sunna, and are recorded in the books of Hadith, the
Traditions (Regenstein et al., 2003). Alcohol represents one of the
main concerns, as alcoholic food and beverage are totally prohibited in
Islam (Anis Najiha et al., 2010). The Islamic Food and Nutrition Council
of America (IFANCA) has adopted a standard of 0.5% alcohol content in
ingredients and 0.2% in ﬁnished products (Al-Mazeedi et al., 2013).
Therefore, any attempt to reduce mycotoxin contamination in food
and beverages by biological means should assure that no traces of
ethanol are generated during the process.
Grape infection by Aspergillus spp. occurs immediately prior to or
during harvesting, transportation and storage of harvested grape
bunches (Battilani et al., 2004b; Magan and Aldred, 2005;
Martinez-Rodriguez and Carrascosa, 2009; Zimmerli and Dick, 1996).
During thewinemaking process, OTA is not completely released during
the crushing of the berries: maceration can cause an increase in OTA
content estimated at around 20% (Battilani et al., 2004b), while OTA
content tends to diminish during the yeast and malolactic fermenta-
tions, probably due to adsorption on the yeast surface, or to degradation
by lactic bacteria (Amézqueta et al., 2009; Bejaoui et al., 2004; CecchiniTable 3
Ochratoxin A (OTA) reduction on grape juice by living yeast cells. Yeast cells were inocu-
lated in 25 mL of grape juice artiﬁcially amended with OTA (20 ng/mL) and incubated in
the dark at 25 °C under constant agitation (100 rpm) for 8 days, then juice and cell pellets
were separated to measure OTA reduction and adsorption, respectively. Results obtained
from HPLC analysis are expressed as ng/mL of OTA ± standard error, and referred to the
initial volume of 25 mL. Values in each column followed by one (P ≤ 0.05) or two
(P ≤ 0.01) asterisks are signiﬁcantly different from inoculated control according to
Dunnett's test.
Treatment OTA content (ng/mL ± SE)
Grape juice Yeast cells
Control 16.4 ± 1.4 /
C. intermedia 253 5.5 ± 0.3** 7.4 ± 0.5
C. jadinii 273 13.0 ± 1.6 1.8 ± 0.6
L. thermotolerans 751 4.9 ± 0.0** 11.3 ± 1.6
C. friedrichii 778 5.9 ± 0.4** 9.7 ± 0.5et al., 2006). On the contrary, in grape juice production OTA contamina-
tion may reach signiﬁcant levels, since the activity of fermenting yeast
and lactic bacteria is absent (Rosa et al., 2004).
Our aim was to develop a new biocontrol approach to prevent OTA
contamination that could meet Islamic laws concerning the presence
of alcohol in halal beverages. In the present investigation, we
have selected four antagonistic yeast strains with no or low-
fermenting capacity, that are able to control the pathogenic fungus
and OTA-producer A. carbonarius in grape.
The two low-fermenting yeast strains, C. intermedia 235 and
L. thermotolerans 751, showed a signiﬁcant antagonistic activity against
A. carbonarius both on grape berries and in in vitro experiments. Since
their ﬁltrate and autoclaved ﬁltrate culture broth were not able to
prevent consistently the pathogen growth, it is likely to assume that
the main mechanism behind the biocontrol efﬁciency of these strains
consists in the competition for space and nutrients rather than to the
release of diffusible antifungal compounds.
Accumulation of carbon dioxide and decreased levels of oxygenmay
also play a role in reducing fungal growth or sporulation (Schalchli et al.,
2011). Since these parameterswere not evaluated in our experiments, it
is not possible to completely rule out the role of competition for oxygen
in the yeast — A. carbonarius interaction. Nonetheless, volatile organic
compounds (VOCs) produced by all four selected yeasts were likely
able to inhibit sporulation of A. carbonarius in vitro. VOCs are low
molecular weight metabolites that may contribute to pathogen control
(Fialho et al., 2010); they play a role in changing protein expression
(Humphris et al., 2002) and enzymatic activity (Wheatley, 2002) of
fungi and their efﬁcacy may depend on the target pathogen (Mari
et al., 2012). Antifungal VOC production by yeasts may represent an
important tool for postharvest management, especially under airtight
environment (Huang et al., 2011).
VOCs produced by one of the two non-fermenting yeast strains,
namely C. friedrichii 778, in addition to inhibiting sporulation by
A. carbonarius, also reduced signiﬁcantly its vegetative growth in vitro.
Further investigation shall be focused on the characterization of the
chemical composition of VOCs produced by C. friedrichii 778 compared
to those produced by the other yeast strains, in order to identify the
molecules putatively responsible for the inhibition of mycelium
development.
To the best of our knowledge, this is the ﬁrst report on yeast VOCs
used against A. carbonarius.
Among the tested yeast, C. intermedia 235 and L. thermotolerans 751,
along with C. friedrichii 778, presented a remarkable capacity to adsorb
OTA on grape juice amended with this mycotoxin, while living cells of
C. jadinii 273 did not display any signiﬁcant absorption capacity.
Autoclaving treatment provided OTA adsorption capacity to all the
four tested strains: as previously observed for other yeast, this effect
may be due to the boost of adsorption cell sites as a consequence of
the heat treatment (Bejaoui et al., 2004; Péteri et al., 2007).
Compared to other detoxiﬁcationmethods, such as the use of organ-
ic and inorganic adsorbent materials, the biological control approach
represents a more efﬁcient preventive strategy to reduce OTA contami-
nation, since selected antagonists may be applied both before harvest-
ing to control grape infection by OTA-producing fungi and also during
processing to act as OTA detoxiﬁers. Field experiments are being carried
out to evaluate the competitive ability of low- and non-fermenting
yeasts towards residentmicroﬂora, their ﬁtness and resistance tomulti-
ple environmental stress (including agrochemicals). These features are
a basic prerequisite for any biocontrol product to be commercially
developed (Droby et al., 2009).
5. Conclusions
Our results show that selected non-fermenting or low-fermenting
yeast strains may be efﬁciently developed as biocontrol agents in post-
harvest disease management of grape as well as processing aids in the
50 S. Fiori et al. / International Journal of Food Microbiology 189 (2014) 45–50production of grape juice, to reduce mycotoxin contamination if OTA
levels exceed the limits ﬁxed by food regulation. Processing aids are
commonly used in food industry as adjuvants in food processing and
do not need to be reported on the label by law in many countries
(Codex Alimentarius, 1981). The use of several processing aids may
lead, even not intentionally, to the presence of non-admitted substances
in the ﬁnal product, hence invalidating the halal status of food
(Al-Mazeedi et al., 2013). Halal food industry is among the biggest and
fastest expanding niches in the food market, representing one ﬁfth of
global food trade (Azeez, 2013). Research and development onmicroor-
ganisms to be adopted as biocontrol agents in fruit post-harvest or as
biological adsorbent to remove mycotoxins from fruit juices should
fulﬁll the request imposed by halal food market to guarantee
that products meet religious standards. In this perspective, it is recom-
mended to use low-fermenting yeast that does not release any or
release only extremely low levels of alcohol below halal thresholds.
Acknowledgments
This publication was made possible by the NPRP grant # NPRP
4-259-2-083 from the Qatar National Research Fund (a member of
Qatar Foundation) and by Regione Autonoma della Sardegna (Legge
Regionale 7 agosto 2007, n. 7 “Promozione della ricerca scientiﬁca e
dell'innovazione tecnologica in Sardegna”). We thank Professors
Marilena Budroni and IlariaMannazzu for kindly providing yeast strains
from the DISAABA collection.
References
Abeer, H., Abd-Allah, E., Al-Obeed, R.,Mridha, M., Alwathnani, H.A., 2013. Nonchemical
strategies to control postharvest losses and extend the shelf life of table grape fruits.
Biol. Agric. Hortic. 29, 82–90.
Al-Mazeedi, H.M., Regenstein, J.M., Nadeem Riaz, M., 2013. The issue of undeclared
ingredients in halal and kosher food production: a focus on processing aids. Compr.
Rev. Food Sci. Food Saf. 12, 228–233.
Amézqueta, S.,González-Peñas, E.,Murillo-Arbizu, M.,López de Cerain, A., 2009. Ochratoxin
A decontamination: a review. Food Control 20, 326–333.
Anis Najiha, A.,Tajul, A.Y.,Norziah, M.H.,Wan Nadiah, W.A., 2010. A preliminary study on
halal limits for ethanol content in food products. Middle-East J. Sci. Res. 6, 45–50.
Azeez, W., 2013. The halal dietary system as a recipe for good health. IOSR J. Humanit. Soc.
Sci. 4, 28–34.
Battilani, P.,Pietri, A.,Bertuzzi, T.,Languasco, L.,Giorni, P.,Kozakiewicz, Z., 2003. Occurrence
of ochratoxin A producing fungi in grapes grown in Italy. J. Food Prot. 66, 633–636.
Battilani, P., Logrieco, A., Giorni, P., Cozzi, G., Bertuzzi, T., Pietri, A., 2004a. Ochratoxin A
production by Aspergillus carbonarius on some grape varieties grown in Italy. J. Sci.
Food Agric. 84, 1736–1740.
Battilani, P., Pietri, A., Logrieco, A., 2004b. Risk assessment and management in
practice: ochratoxin in grapes and wine. In: Magan, N., Olsen, M. (Eds.),
Mycotoxins in Food — Detection and Control. CRC Press, Woodhead Publishing
Ltd., Abington, pp. 261–278.
Bejaoui, H.,Mathieu, F.,Taillandier, P.,Lebrihi, A., 2004. Ochratoxin A removal in synthetic
and natural grape juices by selected oenological Saccharomyces strains. J. Appl.
Microbiol. 97, 1038–1044.
Cabañes, F.J.,Accensi, F.,Bragulat, M.R.,Abarca, M.L.,Castella, G.,Minguez, S.,Pons, A., 2002.
What is the source of ochratoxin A in wine? Int. J. Food Microbiol. 79, 213–215.
Cecchini, F.,Morassut, M.,Garcia Moruno, E.,Di Stefano, R., 2006. Inﬂuence of yeast strain
on ochratoxin A content during fermentation of white and red must. Food Microbiol.
23, 411–417.
Codex Alimentarius Standard 107, 1981. General standard for the labeling of food
additives. Available from: www.codexalimentarius.net/download/standards/2/CXS_
107e.pdf (Accessed on April 2, 2014).Cubaiu, L., Abbas, H., Dobson, A.D.W., Budroni, M.,Migheli, Q., 2012. A Saccharomyces
cerevisiae wine strain inhibits growth and decreases ochratoxin a biosynthesis by
Aspergillus carbonarius and Aspergillus ochraceus. Toxins 4, 1468–1481.
De Felice, D.V.,Solfrizzo, M.,De Curtis, F.,Lima, G.,Visconti, A.,Castoria, R., 2008. Strains of
Aureobasidium pullulans can lower ochratoxin a contamination in wine grapes.
Phytopathology 98, 1261–1270.
Delage, N., D'Harlingue, A., Colonna Ceccaldi, B., Bompeix, G., 2003. Occurrence of
mycotoxins in fruit juices and wine. Food Control 14, 225–227.
Droby, S.,Wisniewski, M.,Macarisin, D.,Wilson, C., 2009. Twenty years of postharvest
biocontrol research: is it time for a new paradigm? Postharvest Biol. Technol. 52,
137–145.
Fialho, M.B., Toffano, L., Pozzobon Pedroso, M.,Augusto, F., Florentino Pascholati, S., 2010.
Volatile organic compounds produced by Saccharomyces cerevisiae inhibit the
in vitro development of Guignardia citricarpa, the causal agent of citrus black spot.
World J. Microbiol. Biotechnol. 26, 925–932.
Huang, R., Li, G.Q., Zhang, J., Yang, L., Che, H.J., Jiang, D.H., Huang, H.C., 2011. Control of
postharvest Botrytis fruit rot of strawberry by volatile organic compounds of Candida
intermedia. Phytopathology 101, 859–869.
Humphris, S.N., Bruce, A., Buultjens, T.E.J.,Wheatley, R.E., 2002. The effects of volatile
secondary metabolites on protein synthesis in Serpula lacrymans. FEMS Microbiol.
Lett. 210, 215–219.
Janisiewicz, W.J., Korsten, L., 2002. Biological control of postharvest diseases of fruits.
Annu. Rev. Phytopathol. 40, 411–441.
Jiang, C., Shi, J., Liu, Y., Zhu, C., 2014. Inhibition of Aspergillus carbonarius and fungal
contamination in table grapes using Bacillus subtilis. Food Control 35, 41–48.
Magan, N.,Aldred, D., 2005. Conditions of formation of ochratoxin A in drying, transport
and in different commodities. Food Addit. Contam. 22, 10–16.
Mari, M.,Martini, C.,Spadoni, A.,Rouissi,W.,Bertolini, P., 2012. Biocontrol of apple postharvest
decay by Aureobasidium pullulans. Postharvest Biol. Technol. 73, 56–62.
Martinez-Rodriguez, A.J.,Carrascosa, A.V., 2009. HACCP to control microbial safety hazards
during winemaking: ochratoxin A. Food Control 20, 469–475.
Meng, X.,Qin, G., Tian, S., 2010. Inﬂuences of preharvest spraying Cryptococcus laurentii
combined with postharvest chitosan coating on postharvest diseases and quality of
table grapes in storage. LWT Food Sci. Technol. 43, 596–601.
Mulè, G., Susca, A., Logrieco, A., Stea, G., Visconti, A., 2006. Development of a quantitative
real-time PCR assay for the detection of Aspergillus carbonarius in grapes. Int. J. Food
Microbiol. 111, 28–34.
Nally, M.C.,Pesce, V.M.,Maturano, Y.P.,Toro, M.E.,Combina, M.,Castellanos de Figueroa, L.I.,
Vazquez, F., 2013. Biocontrol of fungi isolated from sour rot infected table grapes by
Saccharomyces and other yeast species. Postharvest Biol. Technol. 86, 456–462.
Péteri, Z., Téren, J.,Vagvölgyi, C.,Varga, J., 2007. Ochratoxin degradation and adsorption
caused by astaxanthin-producing yeasts. Food Microbiol. 24, 205–210.
Petruzzi, L., Sinigaglia, M., Corbo, M.R., Beneduce, L., Bevilacqua, A., 2013. Ochratoxin
A removal by Saccharomyces cerevisiae strains: effect of wine-related physicochemi-
cal factors. J. Sci. Food Agric. 93, 2110–2115.
Prusky, D., 2011. Reduction of the incidence of postharvest quality losses, and future
prospects. Food Secur. 3, 463–474.
Regenstein, J.M., Chaudry, M.M., Regenstein, C.E., 2003. The kosher and halal food laws.
Compr. Rev. Food Sci. Food Saf. 2, 111–127.
Riaz, M.N.,Chaudry, M.M., 2003. Halal Food Production. CRC Press Online.
Rodriguez, H.,Reveron, I.,Doria, F.,Costantini, A.,De Las Rivas, B.,Muňoz, R.,Garcia-Moruno,
E., 2011. Degradation of ochratoxin A by Brevibacterium species. J. Agric. Food Chem.
59, 10755–10760.
Rooney-Latham, S., Janousek, C.N.,Eskalen, A.,Gubler, W.D., 2008. First Report of Aspergillus
carbonarius causing sour rot of table grapes (Vitis vinifera) in California. Am.
Phytopathol. Soc. 92, 651.
Rosa, C.A.R.,Magnoli, C.E., Fraga, M.E.,Dalcero, A.M., Santana, D.M.N., 2004. Occurrence of
ochratoxin A in wine and grape juice marketed in Rio de Janeiro, Brazil. Food Addit.
Contam. 21, 358–364.
Schalchli, H.,Hormazabal, E., Becerra, J., Birkett, M., Alvear, M.,Vidal, J., Quiroz, A., 2011.
Antifungal activity of volatile metabolites emitted bymycelial cultures of saprophytic
fungi. Chem. Ecol. 27, 503–513.
Tian, S., 2006. Microbial control of postharvest diseases of fruits and vegetables: current
concepts and future outlook. In: Ray, R.C., Ranesh, C., Ward, O.P. (Eds.), Microbial
Biotechnology in Horticulture, vol 1. Science Publishers Inc., Enﬁeld, pp. 163–202.
Wheatley, R.E., 2002. The consequences of volatile organic compound mediated bacterial
and fungal interactions. Antonie Van Leeuwenhoek 81, 357–364.
Zimmerli, B.,Dick, R., 1996. Ochratoxin A in table wine and grape-juice: occurrence and
risk assessment. Food Addit. Contam. 13, 655–668.
